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1. INTRODUCTION
The development of a new alternative electric
energy source—an inertial confinement fusion (ICF)
reactor—is a problem of current interest. ICF targets
should be designed with allowance for the absorption
and reemission of light by the hot target material. In tar-
get computations, one of the most important problems
is that of calculating the absorption spectral lines of
plasma ions and atoms [1]. The shape of the spectral
lines provides a tool for diagnosing the plasma temper-
ature and density. Note also that microfield fluctuations
affect the population of the energy levels of plasma ions
and atoms and thus should be incorporated into the
equation of state for the plasma [2].
The Stark broadening of the spectral lines of plasma
ions and atoms occurs under the action of low-fre-
quency ion electric fields and high-frequency electron
electric fields. As a rule, the contribution of electrons to
the Stark broadening is described using the impact
model, while the contribution of ions is treated as qua-
sistatic. These assumptions make it possible to describe
a significant part of the spectral line; however, a com-
parison between the theoretical and experimental spec-
tral-line profiles reveals a systematic discrepancy
between the calculated and measured profiles of the
central parts of the line. Thus, in the Lyman and Balmer
series of spectral lines, the measured full widths at half-
maximum (FWHMs) of the unshifted components are
several times larger than the calculated ones [3, 4].
Demura 
 
et al.
 
 [5] showed that, near the line center, the
effects associated with the rotation of ion microfields
play a governing role. The corrections for the influence
of electron thermal motion that were obtained in [5, 6]
using perturbation theory refer to a low-temperature
plasma. In a hot plasma, the effect of ion motion on the
spectral line broadening is so strong that it cannot be
treated perturbatively and the analytic corrections
obtained in [5, 6] fail to be valid.
For practical calculations, it is necessary to develop
models of spectral broadening that are simple and at the
same time applicable to broad temperature and density
ranges. Present-day broadband models of quasistatic
plasma microfields [7] and dynamic microfields [8] are
fairly involved, because they require solving integrod-
ifferential equations. This paper is devoted to construct-
ing simple approximate analytic expressions for the
static distribution function of the ion microfield in a
plasma with an arbitrary ion content. The approximate
expressions proposed here, on the one hand, have
almost the same accuracy and applicability range as
those of the known models and, on the other hand, pro-
vide computations that are thousands of times faster.
The approximate expressions were constructed using
analytic expansions in the Coulomb coupling parame-
ter for the distribution function of the microfield in the
limiting cases of a slightly nonideal plasma (the
Debye–Hückel model) and a highly compressed hot
plasma (the model of harmonic oscillators). It is well
known that the ranges of validity of these models do not
overlap. In this paper, however, a universal approxi-
mate analytic expression is obtained that describes both
of these limiting cases and the intermediate region
between them. The physical accuracy and the range of
validity of the approximate expressions are sufficient
for most practical applications; moreover, with the
approximate expressions proposed, the calculation of
the distribution function of the microfield in a plasma
with a prescribed ion composition requires several sec-
onds of computer time.
This paper also presents a derivation of the universal
semiempirical analytic model of the ion motion–related
broadening over the entire intermediate region between
the impact broadening and quasistatic broadening. The
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model is constructed in two steps: first, a qualitative
functional dependence of the broadening on the plasma
parameters is obtained using simplified physical mod-
els and, second, the free coefficients of the model are
adjusted to achieve satisfactory agreement with both
the experimental data and the results from computer
simulations based on the molecular dynamic (MD)
method.
2. INDIVIDUAL SPECTRAL-LINE COMPONENT 
APPROXIMATION
We consider a plasma containing 
 
k
 
 ion species with
charge numbers 
 
Z
 
k
 
 and relative (normalized to the total
density of the heavy particles) concentrations 
 
x
 
k
 
:
We assume that the plasma is in local thermodynamic
equilibrium and apply a two-temperature model, in
which the electron temperature 
 
T
 
e
 
 may differ from the
ion temperature 
 
T
 
. The plasma electrons may also be
partially degenerate, in which case the related plasma
state is described by introducing the parameter 
 
Θ
 
 =
 
k
 
B
 
T
 
e
 
/
 
ε
 
F
 
, where 
 
ε
 
F
 
 = (3
 
π
 
2
 
)
 
2/3
 
(
 

 
2
 
/2
 
m
 
e
 
)
 
. The mean
radius 
 
R
 
e
 
 of the electron cell is determined from the
relationship 
 
(4
 
π
 
/3)
 
N
 
e
 
 = 1, where 
 
N
 
e
 
 is the electron
plasma density. The ion microfield is expressed in units
of 
 
E
 
0
 
 = 
 
e
 
/
 
, and the electron plasma parameter is 
 
Γ
 
 =
 
e
 
2
 
/
 
R
 
e
 
k
 
B
 
T
 
.
In order to calculate the intensity distribution
 
I
 
ab
 
(
 
∆ω
 
)
 
 in the spectral line resulting from the transition
 
a
 
  
 
b
 
, we express 
 
I
 
ab
 
 in terms of the correlation
function 
 
Φ
 
ab
 
(
 
t
 
)
 
 of the dipole moments of a radiating
particle [9]
Then, we use the model of the isolated Stark compo-
nents 
 
α  β
 
, 
 
α ∈ 
 
a
 
, 
 
β ∈ 
 
b
 
 with the Stark constant 
 
C
 
αβ
 
[10]. In this model, the correlation function has the
form
 
(1)
 
where 
 
(
 
t
 
)
 
 and 
 
(
 
t
 
)
 
 are the normalized autocor-
relation functions of the dipole moment of a radiating
particle in the case of its interaction exclusively with
xk
k
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k
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plasma ions and exclusively with plasma electrons,
respectively. For example, we have 
 
(
 
t
 
) =
exp(
 
−
 
w
 
αβ
 
t
 
)
 
, where 
 
w
 
αβ
 
 is the electron impact–related
FWHM and the function 
 
Φ
 
dop
 
(
 
t
 
) = exp
 
accounts for the Doppler broadening. The rest of the
notation is as follows: 
 
ω
 
0
 
 is the unperturbed transition
rate, 
 
 = 2
 
k
 
B
 
T/m0 is the squared mean thermal velocity
of a radiating particle, and c is the speed of light. In the
quasistatic model of the ion-related broadening, we
have
(2)
where Iαβ is the intensity of the Stark component under
consideration and Q(L) is the Fourier transformed dis-
tribution function of the plasma microfield [7],
(3)
In this expression, p(E) is the probability density for the
appearance of an instantaneous ion microfield of
strength E at the point where a particle with charge
number Z0 occurs.
In expression (1), the summation is carried out over
all Stark components of the spectral line with a positive
Stark constant. For the unshifted component of the line
in the quasistatic model of the ion-related broadening,
we have  = 0 and (t) ≡ 1. In other words, in
the quasistatic model, the central component broadens
exclusively due to the Doppler effect and collisions
with electrons.
Hence, in order to arrive at the desired broadband
approximate expressions, we need to approximate the
function Q(L), which accounts for the static distribution
of the microfield, and the function (t), which
describes the dynamics of the ion microfield. The influ-
ence of the microfield dynamics on the shifted compo-
nent of the spectral line is less significant than on the
central component and thus can be neglected in the first
approximation.
3. APPROXIMATE EXPRESSION
FOR THE QUASISTATIC MICROFIELD 
DISTRIBUTION IN THE MODEL 
OF NONINTERACTING PARTICLES
3.1. Basic Formulas
The models used to calculate various physical prop-
erties of the plasma were derived under additional
assumptions regarding the influence of plasma elec-
trons on the distribution function of the ion microfield.
Among the most widely used models, we can mention,
Φel
αβ
ω0
2
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2
c
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2
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first, the model of a homogeneous neutralizing electron
background [the so-called one-component plasma
(OCP) model, which is often used to describe a rela-
tively cold dense plasma] and, second, the model of the
ions surrounded by a polarization electron cloud [the
so-called low-frequency plasma microfield component
(LFMC) model, which is used to describe a hot plasma
with multicharged ions]. It is well known that the
microfield distribution functions calculated using these
models for a nonideal plasma differ by several times. It
turns out, however, that the microfield distribution
functions in these models can be determined using the
same mathematical apparatus. The models differ only
in the approximate expressions for the effective interac-
tion potentials and the effective ion fields in the plasma.
In the noninteracting quasi-particle approximation,
which was originally developed for the OCP model, the
function Q(l) (such that L = lE0) is approximated by [11]
(4)
where g0k(r) is the pair distribution function of a test ion
with charge number Z0 and an ion with charge number
Zk, Ek(r) is the field generated by an ion of species k in
the vicinity of the test ion, and (r) is the effective
field of an ion of species k in the plasma.
In the OCP model, we have Ek(r) = Zke/r2, and, in the
LFMC model, we have Ek(r) = Zke(1 + qer)exp(–qer)/r2
with
Here, Iν are Fermi–Dirac functions and the electron
chemical potential µ is related to the electron density by
The effective field (r) is chosen so that the function
p(E) determined from formulas (3) and (4) satisfies the
second moment rule
(5)
where E =  is the ion microfield vector, which
is not averaged over directions, and the angular brack-
ets denote statistical averaging, i.e., averaging over all
possible configurations of charges with allowance for
the Boltzmann probability of the given distribution of
charged particles. Note that, up to this point, the shape
of (r) has been arbitrary. The following approxi-
Q l( )ln
=  
xk
xe
----4πne rr
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∫
k
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2–( )1/2I1/2 µ/kBTe( ).=
Ek*
EE〈 〉 E2 p E( ) E,d
0
∞
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Zkrk
rk
3---------k∑
Ek*
mate expression for (r) appears to be the most con-
venient:
(6)
Here and below, r is in units of Re, the parameters αk are
in units of , and the electric microfield is in units
of E0. Let us determine the explicit expressions for αk
that we will use to approximate the function Q(L).
3.2. OCP Model
Theoretically, the case of an OCP has been studied
in most detail. For Γ  1, all of the parameters αk are
the same and have the form (3Γ)1/2Zs, where Zs =
( /xe)1/2.
In the limit Γ  ∞ (when the interaction between
the charges is very strong), we can apply the model of
simple harmonic oscillators [12], which can be readily
extended to include ions with different charges:
(7)
For Z0 = 0, the parameters αk = α with arbitrary values
of k are expressed in terms of the energy ∆Ec of the
Coulomb interaction between charged particles in an
arbitrarily nonideal plasma [13]:
(8)
These expressions will be used to construct an analytic
approximation for Q(l) in the OCP model with an arbi-
trary temperature, density, and ion composition of the
plasma.
Let us expand the function Q(L) in powers of L in the
case of a weakly nonideal plasma such that α  0 and
g0k(r) = exp(–Z0ZkΓexp(–αr)/r). To do this, we intro-
duce the notation
(9)
where t(z, x) = (1 + xz)exp(–xz)/z2. Then, in the OCP
model, formula (4) takes the form
(10)
The argument x in function (9) approaches zero as
Γ  0. Consequently, to the first order in x, we obtain
(11)
Ek*
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Using this expression, we easily arrive at the relation-
ships
which permit us to approximate the function Θ(x, y) by
(12)
Note that, for Z0ZkΓ  ∞, the mean term in this
approximate expression corresponds to expression (7)
in the model of harmonic oscillators; consequently, for-
mula (12) also applies to a dense plasma such that
Z0ZkΓ  ∞.
Θ x y,( ) 1/3 πy/8– x/6, x 0, y 0,–≈
Θ x y,( ) 1/ 6y( ), x 0, y ∞,≈
Θ x y,( )
≈ 1/3( ) 1 x/2 1.2y 0.8y2 1 y1/2+( ) 2–+ + +[ ] 1– .
For Z0 = 0, the parameter αk in the approximate
expression (6) is determined by expression (8). The
energy ∆Ec in expression (8) can be calculated using
one of the many simple approximations proposed pre-
viously. We chose the following approximate formula,
which is valid within an accuracy of about 10%:
For  ≤ 1, this formula was derived using the
method of collective variables [14] and was continued
into the region   1 with the help of the familiar
relationship
The above formula is also valid for Z0 ≠ 0, because, for
Γ  1, it is subject to the regular Debye limit and, for
Γ  1 and Z0 ≠ 0, the coefficient α is unimportant [see
formula (12) for y  ∞].
For  ~ 1, the parameter α is on the order of
unity and expansion (11) applies only to small values
of L. For L  1, we can apply the method of steepest
descent [15] to the approximate expressions (4) and (6)
in order to obtain the first term of the asymptotic expan-
sion of the function Q(L) at infinity for Z0 ≠ 0:
(13)
Hence, for L  1, the main term in formula (13) differs
from that in the approximate expression (12) only in the
coefficient (1.5 in place of 2). Since this difference is
insignificant, formula (12) yields fairly good results
even for  = 10 (Fig. 1).
Below, the approximate expression (10) with for-
mula (12) will be referred to as the modified adjustable
parameter exponential (MAPEX) approximation.
Recall that the MAPEX approximation provides a good
description of a weakly nonideal plasma and highly
compressed, hot, ionized fluid. Let us compare the
MAPEX results with the results from test Monte Carlo
(MC) calculations of the distribution function p(E) for
intermediate values of the coupling parameter Γ, i.e.,
for  ~ 1.
Figure 2 shows the microfield distributions in the
vicinity of a test ion calculated for different Γ values in
α 2 3Γ( )1/2Zsπ 1– 2.418 3Γ( ) 1/2– Zs 1– xe 1/3–( )arctan=
+ 0.64ΓZs
2
xe
1/3 1 2.5ΓZs
2
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+( )–1.
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Zs
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Q L( )ln
=  xk/xe( )ZkLα 1– 7/6 3 1sin 1cos+( )/10–( )
k
∑–
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E/E0
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E0p(E/E0)
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5
1
0.12
Fig. 1. Distribution function of the ion microfield p(E) in a
plasma with singly charged ions (x1 = 1, Z1 = 1) for Z0 = 0
and Γ = 10 in the OCP model. The profiles obtained from
MC [13] (solid curve) and MAPEX (dashed curve) calcula-
tions are shown.
Fig. 2. Microfield distribution function obtained using the
OCP model of a plasma with singly charged ions (x1 = 1,
Z1 = 1) for Z0 = 1 and for different values of the coupling
parameter (numerals near the curves show the Γ values).
The profiles obtained from MC [11] (solid curve) and
MAPEX (dashed curve) calculations are shown.
0
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a plasma with singly charged ions. Figures 3 and 4
compare the MAPEX and MC results on the microfield
distribution p(E) against the homogeneous electron
background in a plasma with two ion species. We can
see that, even in the most unfavorable cases, the accu-
racy of the MAPEX approximation is no worse than
10%.
3.3. Low-Frequency Microfield Component (LFMC) 
Model
The LFMC model is often used to calculate the opti-
cal plasma properties in order to determine the shape
and intensity of the spectral lines.
In the LFMC model, the electric fields are assumed
to be generated not by the point ions but by charged
spheres centered on the point ion and filled with elec-
trons correlated with the ion. The electron–ion correla-
tions are, as a rule, treated in the random phase approx-
imation, which applies to a weakly nonideal plasma
and yields the familiar Debye expression for the static
dielectric constant of an electron gas:
In this case, the effective field produced by an ion
with charge number Zk at the position of the ith ion has
the form
(14)
Formula (14) can be used for weak electron–electron
and electron–ion interactions (such that the conditions
Γ < 1 and ZkΓ < 1 hold for all ion species k). The corre-
sponding calculations show that, under the above
restrictions, the distribution function p(E) in the LFMC
model can be obtained with an accuracy of 20% by
treating the ion–ion correlations in the Debye appro-
ximation, in which case, in formulas (4) and (6), we
can set
Hence, in the LFMC model, the desired approximate
expressions can be constructed in the same way as in
the OCP model. We set
(15)
ε q 0,( ) 1 qe2/q2.+=
Ek rik( ) Zk 1 qerik+( ) qerik–( )/rik2 .exp=
αk α≡ qe
2 qi
2
+( )1/2,=
g0k r( ) Z0ZkΓ/r( ) αr–( )exp–{ }.exp=
Θe x y,( ) zdt z x,( )-------------- 1 ϕxz+( ) ϕxz–( )exp
0
∞
∫=
× ye xz– /z–( ) 1 t z x,( )[ ]sin
t z x,( )---------------------------–  
 
,exp
where t(z, x) = (1 + xz)exp(–xz)/z2 and ϕ = qe/α. Then,
in the LFMC model, formula (4) can be written as
(16)
In the case at hand, we have α  1; consequently, to
arrive at the desired approximate expression, it is suffi-
cient to consider the limit x  0 in relationship (15).
Retaining only the first-order term in the expansion
in x, we obtain
(17)
Q L( )ln
=  3xk/xe ZkL( )3/2Θe α ZkL( )1/2 Z0ZkΓ ZkL( ) 1/2–,{ }.
k
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0.4
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0.8
1.2
E0p(E/E0)
1
3
0.08
80 4
0.16
0.24
xe
–2/3 E0p(E/E0)
Fig. 3. Microfield distribution function obtained using the
OCP model of a plasma with two ion species (x1 = 0.97,
Z1 = 1, x2 = 0.03, Z2 = 3) for Γ = 1 (numerals near the curves
show the Z0 values).
Fig. 4. Microfield distribution function obtained using the
OCP model of a plasma with two ion species (x1 = 0.5, Z1 = 1,
x2 = 0.5, Z2 = 17) for  = 1 and Z0 = 17.xe
1/3– Γ
xe
2/3 E/E0
502
PLASMA PHYSICS REPORTS      Vol. 27      No. 6      2001
GOLOSNOY
which gives
(18)
(19)
We consider a slightly nonideal (  ≤ 1) plasma
with Z0 ~ 10, in which case we have Λk = Z0ZkΓα ≥ 1
(this situation is encountered in diagnosing the spectral
Θe x y,( ) 1/3 πy/8– 1 ϕ ϕ2+ +( )x/ 6 6ϕ+( ),–≈
x 0, y 0,
Θe x y,( ) 1 xy+( )/ 6y( )≈
– 1 ϕ ϕ2+ +( )x/ 6 6ϕ+( ) 1/ 6y( ) ϕ2x/ 6 6ϕ+( ),–=
x 0, y ∞,
Θe 0 y,( ) 1/ 6y( ), y ∞.≈
Zs
2Γ
lines from a small population of noble-gas impurity
ions in a hydrogen plasma). For such a plasma, the
quantity xy in expansion (17) is larger than unity, so that
the expansion itself no longer holds. Consequently, in
order to obtain the desired approximate expression, it is
sufficient to analyze the region Zkα2L  Λk. In this
region, we can expand the expression in braces in for-
mula (15) in powers of L and replace the lower limit of
integration by zab = (lnΛk – lnlnΛk)/α, setting y = 0. As
a result, we obtain
(20)
Using relationships (15)–(20), we can construct the fol-
lowing approximate expression for Q(L) in the LFMC
model:
(21)
Figure 5 compares the distribution functions p(E) cal-
culated from formula (21) and those calculated from
the more exact adjustable parameter exponential
(APEX) approximation in the LFMC model for a
plasma with singly charged ions and with different cou-
pling parameters. Figure 6 presents the distribution
functions p(E) calculated from formula (21) and from
the APEX approximation for different charge numbers
Z0 of the test ion and for Γ = 0.12. The accuracy of
approximate expression (21) is seen to be about 15%,
which is quite sufficient for most applications.
4. SEMIEMPIRICAL ANALYTIC MODEL
OF THE DYNAMIC ION-RELATED 
BROADENING
In order to construct the desired broadband approx-
imate expression, we apply perturbation theory to the
Q L( )ln 3L2Zk2xkα/xe( ) z 1 ϕz+( ) 1 z+( )d
6z2 z zϕ+( )exp
------------------------------------------
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∞
∫
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+ 1.2yk 1 2yk f k+[ ] 1 1.2yk+( )
1–
,
yk Z0ZkΓ ZkL( ) 1/2– ,=
f k
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1
Fig. 5. Microfield distribution function obtained using the
LFMC model of a plasma with singly charged ions (x1 = 1,
Z1 = 1) for the charge number Z0 = 9 of a test ion (numerals
near the curves show the Γ values). The profiles obtained
from the approximate expression (21) (dashed curve) and
more exact APEX calculations (solid curve) are shown.
Fig. 6. Microfield distribution function obtained using the
LFMC model of a plasma with singly charged ions (x1 = 1,
Z1 = 1) for Γ = 0.12 (numerals near the curves show the Z0
values). The profiles obtained from the approximate expres-
sion (21) (dashed curve) and more exact APEX calculations
(solid curve) are shown.
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autocorrelation function of the central component of
the spectral line. In [5, 6], it was shown that
(22)
According to [16], the coefficient spt for a multicom-
ponent plasma can be readily written as
(23)
where  =  +  is the reduced mass of a radi-
ating–perturbing pair of particles and N = Ne/xe is the
total ion plasma density.
In a hot plasma, the ion spectral lines can be
described in terms of the impact broadening with the
FWHM wdyn ~ /vk, where  = 2kBT/µk and
Ck is the mean splitting of the Stark components under
the action of the ion of species k. For simplicity, we will
approximate a real system of the Stark energy sublevels
by a system of n = 2 levels of a hydrogen atom; in other
words, we will describe the dynamic effects of the ion
microfield in terms of the Lyα line with the effective
Stark constant
Here, n, n1, and n2 are the principal and parabolic quan-
tum numbers and Z0 + 1 is the nuclear charge number
of the emitting particle.
Hence, we have derived approximate expressions
for all of the limiting cases. In order to construct the
desired approximations in the intermediate region, it is
necessary to know the functional dependence of the
FWHM of the spectral line on the plasma parameters.
This dependence can be established using the simpli-
fied physical model developed by Lisitsa and Sholin
[17], who showed that, in the single-particle approxi-
mation, the profile of the hydrogen spectral line can be
described in terms of the quadratures of the Bateman
functions [18] without any assumptions regarding the
character of binary collisions. An analysis of these
quadratures for the central component of the Lyα line
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yields the following profile:
(24)
where  = 1. Consequently, the quantity wdyn
can be interpreted as the ion dynamic FWHM. Note
that the FWHM wdyn in formula (24) represents (to
within a numerical factor) both the impact-related
FWHM of the ion spectral lines and the dynamic cor-
rections to the static profile. Using formula (24) for wdyn
and formulas (22) and (23), which were obtained per-
turbatively, we can approximate the autocorrelation
function for the ions by
(25)
Here, the coefficient K incorporates the multicompo-
nent nature of the plasma,
(26)
and the coefficient ξk is introduced in order to take into
account multiparticle effects in a relatively cold plasma
(in [17], these effects were neglected) and to ensure a
smooth transition from the impact-related corrections
to dynamic corrections to the static profile. Here, it is
proposed to approximate the coefficient ξk by
(27)
where η corresponds to the impact broadening limit.
For example, for the Lyα line, we have η = 2 and Ck =
3Zk(Z0 + 1)–1 , and, for the Lyγ line, we have η =
2.74 and Ck = 14.7Zk(Z0 + 1)–1 . The empirical
coefficient x in the approximate expression (27) is
adjusted to achieve the best agreement of the calculated
line profiles with the experimental data [3] or with the
basic MD results on spectral line broadening [4]. This
coefficient, which was specially chosen for each of the
lines (Lyα, Lyγ, Hα, etc.) is independent of the radiating-
particle charge number Z0, the ion composition, and the
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plasma parameters. For example, we have x = 0.4 for
the Lyα line and x = 0.6 for the Lyγ line.
5. COMPARISON WITH THE EXPERIMENT
In [3], the experiments were carried out with a
plasma containing singly charged argon ions and a
small hydrogen admixture, the ion temperature and
electron density being T ~ 104 K and Ne ~ 1017 cm–3.
These experimental conditions made it possible to
avoid strong absorption at the frequencies of the hydro-
gen lines under investigation: the plasma was optically
thin even for the Lyα line emission. The difference
between the spectral line profiles measured experimen-
tally and those calculated from the approximate expres-
sions (2) and (21) in the quasistatic model and with
allowance for the dynamic ion autocorrelation function
(25)–(27) is illustrated in Fig. 7. In order to compare
both the central component of the line and the farthest
components of the line wings, the profiles in Fig. 7 are
plotted on a logarithmic scale. We see that the results
obtained from the approximate expressions (1), (2),
(21), and (25)–(27) agree well with the experimental
data. At the same time, the quasistatic model of the ion-
related broadening underestimates the FWHM of the
spectral line by a factor of 2.
The results of experiments carried out in [3] are
summarized in the table. One can see that the results
obtained from the approximate expressions proposed
here lie within the measurement errors and are close to
the experimental data, while the quasistatic model of
the ion-related broadening underestimates the FWHM
of the line by a factor of approximately 2. Hence, we
can conclude that, in plasma diagnostics, it is important
to take into account the ion microfield dynamics. The
approximate expressions (25)–(27) provide a way of
doing this with an expenditure of only a small amount
of computer time.
The effect of the reduced mass on the approximation
accuracy has also been investigated. Thus, the ratio of
the intensities of the central components of the Lyα
lines of deuterium and hydrogen was measured in the
experiments of [20]. At T = 15500 K and Ne = 2 ×
1017 cm–3, this ratio was found to be 1.17. The above
approximate expressions yield essentially the same
result: 1.18; this value differs from the experimental
one by less than 1%.
Stamm et al. [4] calculated the spectral lines of the
hydrogen-like ions Al+12 and Ar+17 at T ~ 106 K and Ne ~
1022 cm–3 and the spectral lines of hydrogen for the
experimental conditions of [3]. The results obtained for
hydrogen turned out to be close to the experimental
data. This supports the conclusion on the reliability of
the assumptions underlying MD simulations. In [4], the
calculations were performed without allowance for the
fine structure splitting and Doppler effect. Conse-
quently, the MD results obtained in [4] (especially,
those on the Lyα line of Ar+17) are likely to be regarded
as test (rather than practical) results. However, these
test results can be used to check particular models of
the spectral line broadening due to the plasma influence
on the emitting ion.
Figures 8–10 compare the results calculated for the
Lyman series of spectral lines from the Al+12 and Ar+17
ions by the MD method, the standard spectral-line
–2.0
–2.5–3.0 –2.0 –1.5 –1.0 –0.5 0
–1.0
0
log(I(∆λ)/Istat(∆λ = 0))
log(∆λ [nm])
1
2
3
Fig. 7. Comparison between the experimental and theoreti-
cal profiles of the Lyα line of hydrogen in a plasma with sin-
gly charged argon ions and with T = 13200 K and Ne = 2 ×
1017 cm–3: (1) the measured profile and the approximate
profiles calculated (2) with and (3) without allowance for
the ion microfield dynamics. The emission intensity on a
logarithmic scale is normalized to the spectral line intensity
calculated using the quasistatic model of the ion-related
broadening for ∆λ = 0.
FWHM of the Lyα line (in nm) in an Ar+ plasma. The measurement errors are ∆Ne/Ne < ±0.1 and ∆T/T < ±0.03
Ne , 1017 cm–3 T, K
Calculated
Measurements (±0.002)
quasistatic model [19] proposed approximation
1 12 700 0.014 0.021 0.023
2 13200 0.016 0.028 0.030
3 13200 0.019 0.034 0.036
4 14000 0.022 0.040 0.042
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broadening model, and the approximate expressions
(25)–(27). Note that, in accordance with theoretical
predictions, the wings of the lines are well described by
the quasistatic model of the ion-related broadening.
However, the results obtained for the central part of the
lines disagree considerably with computer simulations.
On the other hand, the approximate expressions pro-
posed here give reliable results for both the central parts
and the line wings and thus can be applied to a broad
range of plasma parameters (the plasma parameters in
the experiments of [3] and the MD simulations of [4]
differ by several orders of magnitude).
In order to determine the actual applicability range
of the approximate expressions, it is necessary to com-
pare the results calculated from formulas (25)–(27)
5.0 × 109
10–100 2 × 10–10
1.0 × 1010
1.5 × 1010
S(α)
α
1
2
2 × 109
5.0 × 10–100 1.0 × 10–9 1.5 × 10–9
4 × 109
S(α)
α
1 × 108
10–80 2 × 10–8
α
2 × 108
S(α)
0.02
33103300 3320 3330 3340
eV
0
0.04
0.06
I, eV–1
1
2
3
3
Fig. 8. Lyα line of Ar+17 ions in a 100% Ar+17 plasma with
T = 107 K and Ne = 1.5 × 1023 cm–3. The profiles are obtained
from (1) the approximate expressions (25)–(27), (2) MD
simulations, and (3) the quasistatic model. The abscissa is
the parameter α = ∆λ/E0 with ∆λ given in angstroms.
Fig. 9. Lyα line of Al+12 ions in a 100% Al+12 plasma with
T = 2.7 × 106 K and Ne = 4 × 1021 cm–3. Notation is analo-
gous to that in Fig. 8.
Fig. 10. Lyγ line of Al+12 ions in a 100% Al+12 plasma with
T = 107 K and Ne = 4 × 1021 cm–3. Notation is analogous to
that in Fig. 8.
Fig. 11. Lyα line of Ar+17 ions in a hydrogen plasma with
the ion temperature T = 107 K and electron density Ne = 5 ×
1024 cm–3. The profiles are obtained from (1) the approxi-
mate expressions (25)–(27), (2) MD simulations [21], and
(3) MD simulations [22].
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with the MC results obtained for the Lyα line with
allowance for the fine structure components [21, 22]. In
[21, 22], it was shown that, for Ar+17 ions in a hydrogen
plasma, the Stark mixing of the 2s1/2, 2p1/2, and 2p3/2
levels occurs at the electron density Ne = 5 × 1024 cm–3
and higher. At such densities, nonlinear interference
effects are unimportant [21], which makes it possible to
assume that, for the Lyα line of Ar+17 ions, the approxi-
mate formulas (25)–(27) apply to the density range Ne >
5 × 1024 cm–3. In fact, under these conditions, the
approximate results agree fairly well with the MD
results (Fig. 11). Hence, it is possible to conclude that
the approximate expressions (25)–(27) are valid when
the calculated FWHM of the line exceeds the separa-
tion between the fine structure components by a factor
of more than 2.
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